Abstract. The BioMedical Imaging and Therapy (BMIT) facility provides a world class facility with unique synchrotron-specific imaging and therapy capabilities. This paper describes Insertion Device (ID) beamline 05ID-2 with the beam terminated in the first experimental hutch: POE-2. The experimental methods available in POE-2 include: Microbeam Radiation Therapy (MRT), Synchrotron Stereotactic Radiation Therapy (SSRT) and absorption imaging (projection and Computed Tomography (CT)). The source for the ID beamline is a multi-pole superconductive 4.3 T wiggler, which can generate ~30 kW of radiative power and deliver dose as high as 3000 Gy/s required for MRT program. The optics in POE-1 hutch prepares either monochromatic or filtered white beam that is used in POE-2. The Double Crystal (DC), bent Laue monochromator will prepare a beam over 10 cm wide at sample point, while spanning an energy range appropriate for imaging studies of animals (20-100+ keV). The experimental hutch will have a flexible positioning system that can handle subjects up to 120 kg. Several different cameras will be available with resolutions ranging from 4 µm to 150 µm. The latest update on the status of 05B1-1 bending magnet (BM) beamline, described in Part 1 [1] , is also included.
Introduction
The BMIT facility will provide unique synchrotron-specific X-ray imaging and therapy capabilities [2] - [3] . As compared with other biomedical facilities in the world BMIT facility implements high load positioning systems and dedicated DEI setups for both BM and ID beamlines. It will be used to address unsolved problems in medicine (human and animal), agriculture, and other biomedical sciences. The BMIT facility is accessed for experiments in two hutches, POE-2 and SOE-1 (See Figure 1 in [1] ).
The ID beamline shares POE-2 with the BM beamline for experiments. One advantage is that it will be possible to quickly move the subject between the BM and ID beams in POE-2 for imaging and therapy tests or to run two sets of experiments in parallel.
The Insertion Device beamline is intended to be used for testing of new ideas in imaging and therapy and to validate techniques initially developed on the bend magnet beamline including novel monochromators designs, near-edge and multi-energy imaging systems and new dosimetry Table 1 ] is multi-pole, cold-bore wiggler (1.4-4.3 Tesla with a period length of 48 mm, stored energy of 27 kJ and a pole gap of 14.5 mm) uses Nb-Ti superconductive wire and was designed [4] and fabricated [5] to provide a high energy spectrum (E C > 20 keV) with a wide beam fan (K~20). It has very high field/period ratio which allows effective use of radiation. Due to unique spectral properties of the source special care was required to design the shielding for the hutches [6] . The liner of the wiggler, an ultra-high vacuum (UHV) chamber (with 50x10 mm aperture) which is part of the Storage Ring, is cooled to ≤ 20 K. Magnet structure, which is designed to operate at ≤ 4.2 K, is submerged in ~300 l of Liquid Helium (LHe) contained in LHe vessel -the cryostat. The cryostat is shielded from room temperature by two copper shields: 10 K and 30 K, cooled with two RDK-408S2 Sumitomo cryocoolers. The cryogenic system for the wiggler is capable of keeping helium consumption (including 6-8 ltr per quench boil-off), close to zero by using a second pair of RDK-415D Sumitomo cryocoolers as recondensers. The LHe tank with the magnet is suspended on Kevlar fiber ribbons used for precise alignment of the magnet axis with e-beam axis. The magnet is energized with four 300 A/10 V power supplies. The control of the wiggler is achieved with a combination of a Junction Box and the MOXA PC and is integrated with facility EPICS system.
Front End components
The insertion device front end is typical of many CLS beamlines [7] - [8] , except for the much higher power loads and radiation level observed [9] . The maximum horizontal photon beam angle is 6.4 mrad of which the ID beamline utilizes the central 4 mrad. The optics hutch allows both monochromatized beam and filtered white beam to be used in the experimental hutch. The monochromator will prepare a beam-width in excess of 100 mm with an energy range (20-100+ keV) appropriate for imaging studies in small and larger animal (up to sheep size) systems. The expected brightness of the source is 3x10 12 ph/s/mA/mrad 2 /0.1%BW @ 20keV. The main components [9] of the Front End (FE) are: SC ID source, two fixed masks, (X-ray beam positioning monitor -optional), collimator, fixed mask, photon shutter, two safety shutters, wall collimator and two beryllium (Be) windows. The second beryllium window isolates the storage ring vacuum section from the beamline vacuum section. Main scatterers such as fixed masks and photon shutter, have additional local shielding (3-6 mm of lead) installed to protect the wiring and cooling water lines as well as to minimize the radiation thru the ventilation chicane in the storage ring roof.
POE-1 (Optics Hutch)
The main components [10] within the optics hutch are: fixed mask and collimator, (X-ray beam positioning monitor -optional), primary photon slits, filter assembly, wire beam positioning monitor, Double Crystal monochromator, secondary photon slits, (fluorescent view screen for mono beamoptional), photon shutter with tungsten backing, fast shutter for MRT, two safety shutters [11] and in-wall collimator -see Figure 1 . There are several high capacity ion pumps installed there to deal with outgassing from the monochromator and the MRT shutter. The vacuum section of POE-1 is isolated from air by the last optical component, the Be/Al windows set located in POE-2. 
POE-2 (Experimental Hutch)
POE-2 hutch was designed to accommodate as many experimental modes as possible, and to provide enough space for users to set up their own experiment equipment. The optics table in front of the hutch will hold shutters, collimators as well as ion chambers and other optical components.
For the large samples we plan to use the MRT Lift [12] positioning system -capable of holding samples up to 120 kg. KOHZU stages located on the second optics table will be used for smaller samples. The second optics table will also hold ion chambers and the recording system: film, plates or cameras. At the MRT Lift location, 26.5 meters from the source, the beam is 106 mm wide and 5.3 mm high. To record it, several different wide screen cameras will be used with resolution ranging from 4 μm to 150 μm. The beam terminates in the water-cooled beam stop 32 meters from the source. User accessible chicanes facilitate installation of temporary wiring or water lines during experiments.
05B1-1 Beamline Status Update
The BMIT bend magnet beamline [1] started normal operation in 2011. Four in-vacuum components have been removed due to budget constraints: wire beam positioning monitor, secondary photon slits, fluorescent view screen and the fast imaging shutter. Three components have been added: in-vacuum collimator, high stability granite stand for DEI and high capacity camera positioner. The beamline is fully utilized at this point and around 60 experiments are performed annually.
Conclusions and Discussion
The BMIT ID POE-2 endstation provides both monochromatic beam as well as filtered white beam. The filtered white beam will deliver up to 3000 Gy/s. The energy range will be from ~20 keV to over 100 keV with beam width up to 10 cm. The insertion device beamline is designed for imaging and therapy research primarily in biomedical systems from mice to humans, as well as tissue specimens including plants. Core research programs include human and animal reproduction, cancer imaging and therapy, spinal cord injury and repair, cardiovascular imaging and disease, bone growth and development, mammography, developmental biology, gene expression research, development of new imaging methods as well as extending present imaging capabilities.
